Background: Thyroid dysfunction has been widely reported to be more common in patients with type 2 diabetes mellitus (T2DM) in various parts of the world; however, there is paucity of data on this in our environment. Objective: The aim of this study was to determine the possible relationship between glycemic status and thyroid dysfunction. Methodology: A total of 354 T2DM patients and 118 non-diabetic persons (controls) were recruited for the study. A pretested questionnaire was filled for each subject after due explanations. Their blood samples were tested for HbA1c, fT3, fT4, and TSH. Information retrieved from patient's medical records included age at diagnosis of diabetes (DM) and duration of DM. Testing statistics done included Student's t-test, chi square test, and regression analysis. P-value of less than 0.05 was taken to be statistically significant. Results: The results show that 43.5% and 37.3% of T2DM and control subjects, respectively, were males. Mean HbA1c was significantly higher in T2DM patients than in the controls (7.8±2.0% vs 5.8±1.2%, p=0.001), while mean fT3 was significantly lower in T2DM patients than in the controls (2.3±1.5 pg/mL vs 2.7±2.2 pg/mL, p=0.03). Mean HbA1c was significantly higher in T2DM patients with thyroid dysfunction compared to their euthyroid counterparts (8.1±1.9% vs 5.1±1.2%, p=0.001). HbA1c had a positive linear relationship with the presence of thyroid dysfunction (regression coefficient=1.89, p=0.001). Conclusion: There was a positive linear relationship between HbA1c and the presence of thyroid dysfunction in the T2DM patients in this study. There was an inverse relationship between HbA1c and serum fT3.
Introduction
Thyroid dysfunction is a spectrum of disorders of the thyroid gland which manifests either as hyperthyroidism or hypothyroidism and is reflected in the circulating levels of thyroid-stimulating hormone (TSH). 8 Thyroid dysfunction may present in one of the following ways -thyroid enlargement (diffuse or nodular); symptoms of thyroid hormone deficiency (hypothyroidism); symptoms of thyroid hormone excess (thyrotoxicosis); some have no symptoms (ie the subclinical state). 8 Thyroid hormones affect glucose metabolism through several mechanisms. In hyperthyroidism, the half-life of insulin is reduced, most likely due to an increased rate of degradation and enhanced release of biologically inactive insulin precursors.
Untreated hyperthyroidism has been reported to be associated with a reduced c-peptide to pro-insulin ratio, suggesting an underlying defect in pro-insulin processing. 3 Increase in gut absorption of glucose, mediated by excess thyroid hormones, 4,5 is yet another mechanism through which thyroid hormones affect glucose metabolism. Thyroid hormones produce an increased hepatocyte plasma membrane concentrations of GLUT-2 (glucose transporter in the liver), which leads to an increased hepatic glucose output and abnormal glucose metabolism. 6, 7 The influence of diabetes mellitus (DM) on thyroid function has been established at the following sites: a) at the level of hypothalamic control of thyroidstimulating hormone (TSH) release, b) at the conversion of T4 to T3 in the peripheral tissues 8 and c) the effect of hyperinsulinemia on the thyroid gland. 8, 9 The association between DM and thyroid dysfunction was first reported in 1979. 10, 11 The prevalence of thyroid dysfunction in diabetes varies from 2.2% to 46.5%. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Previous studies have shown that thyroid dysfunction is more common in persons with type 2 DM (T2DM) than in the general population. 9, 15, 18 Subclinical hypothyroidism has been reported in most of the studies to be the most common thyroid dysfunction in T2DM patients. 8, 9, 18 Thyroid dysfunction has been widely reported among persons with diabetes in other parts of the world. In Nigeria, few studies 13, 16, 18 have been reported on the prevalence of thyroid dysfunction among persons with DM, but only one of them 18 focused on T2DM and few studies have compared the levels of thyroid hormone with glycemic status in diabetic patients. The aim of this study was to determine the possible relationship between glycemic status and thyroid dysfunction. This study focused on T2DM patients and will therefore add to the Nigerian literature, more so, as it is the first in South-East Nigeria.
Methodology
The study was conducted at the University of Nigeria Teaching Hospital (UNTH), Enugu, a Federal government tertiary hospital located in Ituku-Ozalla, Enugu state in South-East geographical region of Nigeria. This is a descriptive cross-sectional study involving patients with T2DM attending the Diabetes Clinic, or receiving treatment in the Medical Wards of the UNTH Enugu. Subjects were recruited using systematic sampling. A total number of 354 subjects were recruited from consenting persons with T2DM in the Diabetes Clinic and Medical Wards of the UNTH Enugu. For every three study subjects selected, one consenting person who did not have DM was recruited from the out-patients clinics and other parts of the hospital to serve as the control. Screening for DM was done in controls using the random blood glucose (RBG). Those with RBG of less than 11.1 mmol/L, had no classic symptoms of hyperglycemia and were not on any hypoglycemic medications were accepted as controls. 19 The inclusion criteria included: 
Ethical clearance
Ethical approval was obtained from the University of Nigeria Health Research Ethics Committee of the UNTH Enugu before commencing the study. Written informed consent was obtained from all subjects participating in the study. This study was conducted in accordance with the declaration of Helsinki. All subjects were interviewed, using a pre-tested structured questionnaire. Demographic information and other relevant data were obtained. The neck was examined for presence of enlarged thyroid gland. Routine examinations for the complications of DM were also carried out. Fundoscopy was done with the assistance of an Ophthalmologist. The participants were examined for peripheral neuropathy using tuning fork (vibration sense) and tendon hammer (deep tendon reflex). Anthropometric measurements such as weight and height were taken. Anthropometric measurements such as weight and height were taken using a standard scale and stadiometer from Lincoln Mark Medical England; waist and hip circumference were measured using a measuring tape. Body Mass Index (BMI) was calculated from their weights measured in kilograms (kg) and heights in meters (m) using the standard formula. 9, 21 Subjects with BMI between 18 and 25 kg/m 2 were classified as having normal weight, while those with BMI 30 kg/m 2 and above were classified as being obese. 9 Waist circumference (WC) was measured in centimeters (cm) along the mid-point between the costal margin and the iliac crest along the mid-axillary line. 19 The International Diabetes Federation (IDF)'s reference values for male and female were used. In males, WC of less than or equal to 94 cm was regarded as normal, while WC of greater than 94 cm was regarded as abnormal. In females, WC of less than or equal to 80 cm was regarded as normal while WC of greater than 80 cm was taken to be abnormal. 22 Three consecutive pulse rates were obtained and the mean recorded. Blood pressure (BP) was taken on the right arm with a mercury sphygmomanometer. 23 The systolic and diastolic pressures were obtained. The disappearance of the korotkoff's sound (phase V) was the criterion for the diastolic blood pressure, and the average of three consecutive BP readings was recorded. BP was measured in a sitting position after 5 mins rest. Normal BP was defined as a systolic BP of less than 130 mmHg, and/or diastolic BP of less than 80 mmhHg. Those who did not satisfy these criteria were considered to have a high BP, in accordance with the BP target set by the American Diabetes Association (ADA).
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All the participants had their blood glucose estimated using the Accu-chek Active glucometer. The patients with T2DM had their urine samples tested for presence of urinary protein (albumin) using Combi-3 urinary strips from Medi-Test, Germany. The presence of one + and above of urine albumin was taken to be positive for albuminuria.
Glycated hemoglobin (HbA1c) was estimated using the In-2-it HbA1c device from BIO-RAD Laboratories, Flintshire, UK. It involves the use of boronate affinity chromatography to separate the glycated fraction from the non-glycated fraction. 24 It measures the HbA1c level which reflects the average blood glucose level over the previous two or three months.
Glycemic control was assessed with the values of the HbA1c. HbA1c value was used to categorize the DM patients into two groups: good glycemic control (HbA1c <7%) and poor glycemic control (HbA1c ≥7%).
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Criteria for the diagnosis of thyroid dysfunction
Participants with raised TSH, and low fT3 and fT4 were regarded to have primary hypothyroidism; those who had elevated TSH, but with normal fT3 and fT4 were taken to have subclinical hypothyroidism. [26] [27] [28] In the same vein, those who had low TSH, and high fT3 and fT4 were regarded to have primary hyperthyroidism; those who had low TSH but with normal fT3, and fT4 were taken to have subclinical hyperthyroidism. [27] [28] [29] The subjects with low or normal TSH, but had low fT3 and fT4 were taken to have secondary hypothyroidism.
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Procedure for thyroid function assay
Frozen sera from the T2DM subjects and controls were thawed and allowed to attain room temperature. The samples were assayed for free T3, free T4 and TSH, respectively, in batches, in three runs, each on a different day. Control samples provided in the reagents kits were analyzed with each run of the analytes following the manufacturer's instructions. The data generated from the study were analyzed using the Statistical Package for the Social Sciences (SPSS) IBM version 17. A statistical comparison was made with the student t-test for quantitative variables like weight, height, blood pressure, serum TSH, serum T3; Chi-square test was used for comparison of proportions. Regression (linear) analysis was used to determine the relationship between the level of glycated hemoglobin and the presence of hypothyroidism or hyperthyroidism, while logistic regression analysis was used to determine the relationship between thyroid dysfunction and some variables like glycated haemoglobinduration of DM, complications of DM. A p-value of less than 0.05 was taken as being statistically significant.
Results
Sociodemographic characteristics
Females formed the majority of the study population accounting for 56.5% of the T2 DM patients and 62.7% of the controls. Most of the participants had either tertiary education (38.3%) or secondary level of education (22.7%). Majority of the participants (65.3%) were married. Retirees (28.8%) and Civil servants (26.3%) formed the majority of the participants as shown in Table 1 .
Clinical characteristics of the participants
The mean age of the T2DM patients in this study was 57.5 (±9.3) years, while the controls had a similar mean age of 57.7 ±8.9 (p=0.17). The mean age at diagnosis of DM was 54±7.6 years. The mean duration of DM for all the T2DM patients was 6.5±2.8 years. Table 2 shows that T2DM patients had higher mean BMI than the controls (27.6±5.0 vs 26.2±3.8). This difference was statistically significant (t=−2.7; p=0.002). The T2DM patients also had higher mean waist circumference (90.2±13.9 vs 87.5±11.0), and this difference was also statistically significant (t=−2.2, p=0.03).
Medication use among T2DM patients
About 98% of T2DM patients were using only oral medications for DM (any of metformin, glibenclamide, glimepiride and vildagliptin); 32.7% of T2DM patients used both insulin and oral medications; 54.9% patients with type 2 DM were taking lipid-lowering drugs.
Complications of DM
The T2DM patients in this study had the following chronic complications of DM: DM retinopathy (49.1%), peripheral neuropathy (48.1%), DM nephropathy (13.0%), DM foot ulcer (19.8%). Thyroid dysfunction had a statistically significant relationship with DM nephropathy in this study as shown in Table 3 . The other chronic complications of DM did not have significant relationship with thyroid dysfunction in this study.
Glycemic control and thyroid dysfunction
Linear regression analysis showed that HbA1c had a positive linear relationship with thyroid dysfunction (hypothyroidism or hyperthyroidism) with regression coefficient of 1.89 (p=0.001). The regression equation is as follows: HbA1c =4.17+1.89 (class of thyroid function).
The value of R 2 (coefficient of determination) was given as 0.107 which indicated that class of thyroid dysfunction can predict the level of HbA1c by 10.7% (poor predictive value). HbA1c had a negative correlation with free T3 levels in T2DM patients with thyroid dysfunction, with a correlation coefficient of −0.6, and it was statistically significant (p=0.001). T2DM patients had significantly higher mean HbA1c (7.8±20) than the controls (5.8±1.2). This difference was statistically significant (t=10.3, p=0.001). Similarly, T2DM patients also had higher mean TSH (4.4±1.5) than the controls (4.2±2.0), although this difference was not statistically significant (t=−0.9, p=0.37). The T2DM patients in this study had a higher mean fT4 (1.47±0.6) than the controls (1.41±0.5). This difference however was not statistically significant (t=1.10, p=0.33). Mean fT3 was lower in T2DM patients (2.31±1.5) than in the controls (2.72 ±2.2). This difference was statistically significant (t=2.26, p=0.025) as shown in Table 4 .
The mean HbA1c of the T2DM patients in this study was higher (7.8±2.0) than that of the controls (5.8±1.2). This difference was statistically significant (t=10.3, p=0.001).
The mean HbA1c of T2DM patients with thyroid dysfunction was higher (8.1±1.9) than that of their counterparts who did not have thyroid dysfunction (5.1±1.2) and the difference was statistically significant (t=−8.2, p=0.001). This is shown in Figure 1 .
Most (70.8%) of the male T2DM patients had poor glycemic control, while only 29.2% of the males had good glycemic control as shown above in Table 5 . The majority (64.0%) of the female T2DM patients in this study had good glycemic control. This difference was statistically significant (χ 2 =47.3, p<0.001). There was a significant association between the presence of thyroid dysfunction and female gender (χ 2 =20.3; p=0.001), duration of DM >5 years (χ 2 =7.7, p=0.005), central obesity Table 6 . Binary logistic regression showed that female gender (OR=3.8, p=0.002), central obesity (OR=2.5, p=0.001), DM duration >5 years (OR=3.3, p=0.012), HbA1c ≥7 (OR=4.3, p=0.025) and DM nephropathy (OR=4.8, p=0.001) were risk factors for thyroid dysfunction (see Table 7 ).
Discussion
Females formed 58.1% of the participants. Females also constituted 56.5% of the T2DM patients. This female preponderance is similar to the 60.5% reported by the Diabcare Nigeria study group in 2012 in a multi-center study that assessed the profile of Nigerians with DM. 31 It is also close to 57.9%
reported by Okafor et al in Enugu, Nigeria, in 2012 in a study that evaluated the cardio-metabolic risk factors in Nigerians living with T2DM. 32 However, it is in contrast to the pattern observed in studies involving diabetic patients outside the tertiary health institutions in Nigeria, where the ratio was close to 1:1. 33 The male to female ratio in NHANES III study, a community-based study involving over 33,994 persons, was 1:1. 34 This might be a reflection of the pattern of health care financing in Enugu and other parts of Nigeria. Health care is largely financed by the individual, and as such, women are more likely to get financial assistance from relations and loved ones toward hospital care. 31 It may also be due to a better health-seeking behavior exhibited by women as was reported by Omuemu et al in a community-based study conducted in Edo state, Nigeria, in 2007. 32 More so, women are more likely to visit health care facilities for other health-related activities like family planning clinics, where a hitherto unknown medical condition could be diagnosed for the first time. A population-based study will be able to establish the true sex distribution of persons with DM in the population. The mean age of T2DM patients in this study was 57.5 years. This may be due to the fact that the prevalence of T2DM increases with age. 20, 25, 35, 36 This reflects the pattern observed by Chinenye et al (57.1) in a multi-center study involving DM patients. 31 Ofoegbu et al reported a mean age of 59.2 years in Enugu in a study that evaluated the body composition of Nigerians with DM. 35 Okafor et al in Enugu reported 55.7 years as the mean age of T2DM patients they evaluated for cardio-metabolic risk factors. 32 This is lower than the figures reported from developed countries like New Zealand and the USA. 37, 38 This can be attributed to the lower life expectancy of Africans, and Nigerians in particular, compared to those of patients in the developed world. The mean age at diagnosis of T2DM in this study was 54 years which is similar to that observed in the UKPDS (54 years), 39 but is a bit higher than 48.3 years reported by the Diabcare Nigeria study group. 31 The mean duration of DM of 6.5 years is similar to 6.7 years observed by Okafor et al in Enugu and reflects the pattern reported in other Nigerian studies, 31, 32 but is low when compared to that observed in the developed world. 38 This might mean that most diabetics in Enugu and other parts of Nigeria do not survive long enough, which might be a pointer to the disease burden and quality of care available to the patients. There was a significant difference (p=0.001) in the mean duration of DM between those that have thyroid dysfunction (9.5 years) and those that are euthyroid (6.0 years). This might be an indication that increasing duration of DM may be a risk factor in the prevalence of thyroid dysfunction as chronic hyperglycemia impairs the peripheral deiodination of T4 to T3 leading to thyroid dysfunction.
The mean HbA1c of 7.8% observed in T2DM patients in this study is close to 8.3% reported by the Diabcare Nigeria study group. However, this contrasted with findings in a study assessing quality of care for diabetes in the USA. 40 T2DM patients in this study had significantly higher mean HbA1C (t=−8.2, p=0.001). This could be a reflection of poor glycemic status of most DM patients in our environment as fifty-one per cent (51%) of the T2DM subjects in this study did not achieve glycemic goal, which reflects the pattern in earlier studies. 16, 17, 31, 32 Poor drug adherence may be a major contributing factor. Financial constraints are yet another important factor. Most patients have to pay out-of-pocket for their investigations and drugs. According to a WHO report, 74.5% of the health care cost in Nigeria is borne by the patients.
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T2DM patients in this study had lower mean T3 levels compared to the controls. Udenze et al found that patients with metabolic syndrome in Lagos, Nigeria, had lower mean T3 levels compared to their controls. 42 This could be the effects of long-term hyperglycemia on the peripheral deiodination of T4 to T3, and/or the blunting of nocturnal peak in TRH secretion by chronic hyperglycemia in patients with T2DM. 8, 43 Poorly managed diabetes have been found to induce a "low T3 state" characterized by low serum total and free T3 levels. 8, 43 There was an inverse relationship between HbA1c and serum free T3, and a positive relationship between HbA1c and TSH in the T2DM patients with hypothyroidism (who formed the majority) in this study. This relationship could be attributed to the effect of chronic hyperglycemia, seen in T2DM, on the peripheral deiodination of T4 to T3. This is similar to the report of Bazrafshan et al in Gorgan, Iran, 44 who found a positive relationship between HbA1c and TSH in T2DM patients they studied. Similar results were reported by Asmabi et el who studied 100 patients with diabetes. In this study, HbA1c had a positive linear relationship with the presence of hypothyroidism or hyperthyroidism (regression coefficient=1.89, p=0.001). This suggests that poor 
Limitations
Assaying for thyroid hormones using the more sensitive chemilumniscent immunoassay method would have sought out more patients with thyroid dysfunction and inability to do fasting blood glucose in the control group and T2DM patients in this study.
Conclusion
HbA1c had a positive linear relationship with thyroid dysfunction.
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